The analysis of promoter-reporter gene fusions is one of the most widely used techniques for identifying sequences that control the temporal and spatial regulation of cloned genes. Indeed, many researchers have found that this approach allows them to resolve characteristic and striking patterns of tissuespecific and/or developmentally regulated expression that are consistent with the known activity of the promoter in vivo. However, it is becoming increasingly clear that promoter-reporter fusions can be prone to artifactual expression that does not accurately reflect the in vivo regulation of the gene of in terest .
For this reason, THE PLANT CELL will no longer accept articles in which fusion of a promoter to a reporter gene, such as the Escherichia coli uidA gene (GUS; Jefferson et al., 1987) , is the only method used to analyze the pattern or degree of gene expression. Such data must be substantiated by additional analyses before they can be considered for publication in the journal.
The most recent demonstration of the validity of this policy is highlighted on the cover of this issue of THE PLANT CELL and in the research article by Sieburth and Meyerowitz on pages 355-365 in this issue. These authors have found that sequences controlling the expression of the Arabidopsis floral meristem and organ identity gene AGAMOUS (AG) lie within the transcribed region of the gene and are not located exclusively in the AG 5' untranscribed region. A second paper in this issue focuses instead on AG and its functions during floral development: On pages 393-408, Mizukami and Ma demonstrate that AG plays a role in defining and maintaining floral meristem identity and suggest that deteminacy in lateral meristems is acquired sequentially.
AG encodes the "C" function in the socalled ABC model of floral organ identity that was developed to explain floral morphogenesis in Antirrhinum, Arabidopsis, and petunia (Weigel and Meyerowitz, 1994) . This model posits that overlapping genetic functions (termed A, 6, and C) in the four floral whorls define the identity of the organs within those whotis.
Genes encoding A, B, and C functions have been cloned from Arabidopsis and from Antirrhinum (reviewed in Weigel and Meyerowitz, 1994) . All except one (APETALA2 [AP2] , which is one of two Arabidopsis A-function genes) encode transcription factor-like proteins that include an N-terminal putative DNA binding and dimerization domain (the MADS box; SchwarzSommer et al., 1990 ) and a C-terminal domain (the K domain), which is predicted to mediate protein-protein interactions. In some cases, the functions of these domains have been explored in detail. For example, it has recently been shown that the MADS box and adjacent regions of AG are necessary and sufficient for DNA binding and dimerization in vitro (Mizukami et al., 1996) .
Since the formulation of the ABC model, a large number of additional genes that control other aspects of flowering have been discovered. In Arabidopsis, these include cadastra1 (i.e., domain-defining) genes, such as SUPERMAN and LEUNIG (LUG); floral meristem identity genes, such as L E A N (LW, APFTALAl (AP7) , and CAULI-FLOWER; and flowering-time genes, such as CONSTANS, LUMININDE-PENDENS, SPINDLY, and TERMINAL FLOWER (see Ma, 1994; Weigel and Meyerowitz, 1994; Weigel, 1996;  Meyerowitz, 1997, for reviews). Not surprisingly, regulatory interactions among these genes are complex. For example, genetic experiments have shown that LFY is a positive regulator of AG expression, whereas AP2 and LUG riegatively regulate AG in flowers. A fourth gene, CURLY LEAF (CLF), functions to prevent AG expression in vegetative tissues (Weigel, 1996) .
The challenge taken up by Sieburth and Meyerowitz isto determine whether and/or how the corresponding proteins directly regulate AG transcription. They have taken the first steps in this direction by showing that correct (i.e., AGlike) expression of GUS requires both a large upstream region of the AG gene and a 3.8-kb region from within the AG transcription unit. By contrast, in flowers of plants expressing GUS under the control of the AG upstream sequences alone (i.e., those sequences that one would expect to include the AG promoter), GUS activity deviates significantly from in vivo AG expression in that it is reduced in anthers, delayed in carpels, and ectopically present in sepals.
Sieburth and Meyerowitz also show that the 3.8-kb intragenic region is required for the appropriate regulation of GUS activity in clf, ap2, and lfy mutant plants. The most likely explanation for these results is that the target sites for both positive (e.g., LFY) and negative (e.g., CLF and/or AP2) regulators of AG expression lie within the 3.8-kb intragenic region.
This region includes the large second intron of AG, the position and structure of which are conserved in the homologous Antirrhinum gene PLENA (PLE).
Both recessive and semidominant mutations in the PLE gene are caused by insertions of the Antirrhinum transposable element TAM3 into the second
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intron (Bradley et al., 1993) , suggesting that this intron may indeed play a role in regulating PLE expression. Given these data, future efforts to pinpoint the sequences that control AG expression in Arabidopsis will undoubtedly focus on the second intron.
Although intragenic control of gene expression is relatively unusual in plants and other eukaryotes, there have been reports that intron sequences can increase the expression of monocot genes (e.g., Callis et al., 1987) . Moreover, in dicots, a major enhancer of reporter gene expression (also identified in experiments with promoter-GUS fusions) has been identified within the leader intron of the potato sucrose synthase 4 gene (Fu et al., 1995) . Whether or not any of these intragenic control sequences functions at the leve1 of premRNA splicing is unknown.
The above examples document just one set of circumstances in which the accurate control of reporter gene expression is found to require sequences outside of those generally considered to encompass a promoter. A number of other studies have shown that 3' regions, which are rarely included in promoterreporter constructs, can also contribute to the control of gene expression.
For example, putative promoter sequences from the 5' region of the Arabidopsis GLABROUS7 (GL7) gene, which encodes a myb homolog required for the initiation of trichome development, directed GUS expression only in stipules (Larkin et al., 1993) . Clearly, this pattern of GUS expression made it difficult to explain how mutations in the GL7 gene could lead to the loss of trichome formation. By contrast to the promotor-GUS data, however, in situ hybridization analyses showed that high GL7 transcript levels were, in fact, detectable in developing trichomes (Larkin et al., 1993) .
These conflicting data were resolved during the deletion analysis of the 3' noncoding region of GL7, which led to the identification of a transcriptional enhancer that is required for normal GL7 expression. This enhancer, in conjunction with GL7 upstream sequences, was capable of directing GUS expression in developing trichomes (Larkin et al., 1993) .
The biochemical properties of the reporter proteins can also interfere with the correct interpretation of promoterreporter expression data. In particular, these proteins can exhibit excessively long half-lives in plant cells (this is certainly true for GUS; Jefferson et al., 1987) . In these instances, rapid changes in the transcription of the reporter gene are not reflected by correspondingly rapid changes in reporter enzyme activity.
This problem was highlighted by Drews et al. (1992) in their comparison of the expression patterns of the tobacco TP72 patatin gene as determined by in situ mRNA hybridization and by histochemical staining of T f 72 promoter-GUS fusions. Strong GUS activity was detected in corolla limb, mesophyll, and epidermal cells, but in situ hybridizations indicated that T f 72 expression was confined to the mesophyll (Drews et al., 1992) . The authors suggested that GUS activity in the corrola and epidermis could reflect transient Tf72 expression that was no longer occurring in those tissues at the time the in situ hybridization analyses were performed. Because the GUS enzyme is stable, histochemical analyses would continue to suggest that the TP72 promoter was active in these tissues for some time after it had, in fact, stopped transcribing the GUS gene.
Reporter gene products are also capable of diffusing from the cells in which they were synthesized. For example, during long incubations, 5-bromo-4-chloro-3-indoxyl (the product of X-gluc hydrolysis by GUS) can diffuse and precipitate in cells that do not express the reporter gene but have the potential for sequestering molecules produced by nearby cells (Mascarenhas and Hamilton, 1992) . Although technical solutions have been proposed to alleviate these artifacts (De Block and Debrouwer, 1992), they have not always been found to be adequate (Caissard et al., 1994) .
Most of the problems discussed above concern the use of the GUS gene. However, this simply reflects the large amount of information available for GUS, and one may reasonably expect that similar artifacts will arise with the use of any reporter gene. Nevertheless, the examples noted here provide sufficient demonstration that the pattern or magnitude of expression of a gene cannot be inferred reliably from analyses of promoter-reporter gene fusions. Therefore, the Editorial Board, while recognizing that the most suitable approach will differ on a case by case basis, now requires that data from the use of such constructs be substantiated by independent evidence before they can be considered for publication in the THE PIANT CELL.
However, it is not only journal editorial policy that should drive the curiosity of anyone interested in exploring the transcriptional regulation of their favorite plant gene. As long as they are performed carefully and the data interpreted critically, promoter-reporter fusion analyses will undoubtedly continue to play an important role in elucidating the mechanisms governing the transcriptional regulation of plant genes. Clearly, the judicious use of promoter-reporter gene analyses have allowed Sieburth and Meyerowitz to uncover some fascinating twists in the control of AG expression. It seems likely that many other plant genes will turn out to be regulated in a similarly complicated and interesting rnanner. Stougaard, 1992) . In addition, it has recently been shown that both species can be readily transformed using Agrobacterium tumefaciens and then regenerated to yield fertile transgenic plants.
In short, legume biology can now be approached using some of the same tools that have fueled breakthroughs in our understanding of Arabidopsis development and physiology. Both M. truncatula and L. japonicus continue to attract new adherents-individuals interested not only in the study of rhizobial symbioses but also in other areas of plant biology for which legume systems afford unique research opportunities.
In recognition of the key role these model legume species are likely to play in advancing our understanding of nitrogen fixation and other aspects of plant biology, a conference entitled "Emerging Model Legume Systems: Tools and Recent Advances" was held July I 2-1 4, 1996. The meeting was a satellite to the 8th lnternational Congress on Molecular Plant-Microbe lnteractions in Knoxville, Tennessee, and was attended by over 80 legume researchers from 10 countries. In this report, we introduce the two model legume species that were the focus of the meeting and then summarize the major new findings that were presented or that have been published recently. We conclude with our view of the opportunities provided by these model legume systems for research
